merly Aerobacter aerogenes PZH 572, Warsaw) (13) , and very recently with Propionibacterium freudenreichii (4) . The occurrence of glycerol dehydratase has been shown in Klebsiellapneumoniae ATCC 25955 (6, 10) and in a strain of Lactobacillus (11) . Recently, we reported that Klebsiella pneumoniae ATCC 25955 produces diol dehydratase in a 1,2-propanediol medium and glycerol dehydratase in a glycerol medium (13) . These two dehydratases are dissimilar in antigenic properties, in monovalent cation-selectivity pattern and in substrate specificity, suggesting that these dehydratases are isozymes in that organism (13) . The present communication describes their distribution in some genera of Enterobacteriaceae and Propionibacteriaceae.
Bacteria were cultivated anaerobically at 30°C in a complex medium as described previously (13, 15) and harvested in the late exponential or early stationary phase. The activities of diol dehydratase and glycerol dehydratase were assayed by the 3-methyl-2-benzothiazolinone hydrazone method of Toraya et al. (13, 17) . To determine which enzyme was produced, substrate specificity and immunochemical properties were studied (13) . That is, the ratio of glycerol-dehydrating activity to 1,2-propanediol-dehydrating activity (G/P) was measured by the 1-min assay and the 10-min assay (13, 15) ; the immunochemical cross-reactivity with rabbit antiserun against homogeneous diol dehydratase (7) of Klebsiella pneumoniae ATCC 8724 was estimated by both immunoprecipitation of the dehydratase activity in crude extracts and Ouchterlony double-diffusion analyses (13, 15) .
Since 1,2-propanediol, 1,2-ethanediol, and glycerol are reduced substrates compared with carbohydrates, only a limited number ofbacteria could ferment them. Several bacteria of the families Enterobacteriaceae and Propionibacteriaceae were selected for examiiniing their capability to grow on 1,2-propanediol, 1,2-ethanediol, or glycerol in the presence of yeast extract and tryptone (complex media) under anaerobic conditions (Table 1) , because the fermentation of glycerol is known to occur readily among bacteria of these families. Among the bacteria tested, significant growth in a 1,2-propanediol medium was observed only with Klebsiella pneumoniae, Citrobacter freundii, Citrobacter intermedium, and Propionibacterium freudenreichii. The growth on 1,2-ethanediol was found to be closely related with that on 1,2-propanediol. In a glycerol medium, these bacteria of the Enterobacteriaceae and all of the propionic acid bacteria tested grew anaerobically. Although these diols and triol did not support grpwth of the other bacteria tested, a small but sfficient amount of cell material was obtained by largescale cultivation in these complex 1,2-diol and glycerol media (Table 1) as well as in the basal complex medium, which permitted determination of the dehydratase activities (see footnote a to Table 2 ).
Since both diol dehydratase and glycerol dehydratase are inducible enzymes, 1,2-propanediol-grown and glycerol-grown cells were examined for these dehydratase activities. Cell extracts of 1,2-propanediol-grown Klebsiella pneumoniae, Citrobacter freundii, Citrobacter intermedium, and Propionibacterium freundenreichii showed the 1,2-propanediol-and glycerol-dehydrating activities with a G/P ratio in the range of 0.5 to 0.8 in the 1-min assay and 0.1 in the 10-min assay (Table 2 ). These G/P values are very similar to those with the purified diol dehydratase of Klebsiella pneumoniae ATCC 8724 (13) . The dehydratase activity in extracts of 1,2-propanediol-grown Enterobacteriaceae was completely precipitated by rabbit antiserum raised against homogeneous diol dehydratase of Klebsiella pneumoniae ATCC 8724. These kinetic and immunochemical data indicate that these bacteria produce diol dehydratase when grown on 1,2-propanediol. As judged from Ouchterlony double-diffusion patterns (some examples are shown in Fig. 1 Cell extracts of glycerol-grown Klebsiella pneumoniae, Citrobacter freundii, and Citrobacter intermedium, except for that of Klebsiellapneumoniae ATCC 8724 strain, showed 1,2-propanediol-and glycerol-dehydrating activities with a G/P ratio of 2.0 to 2.6 in the 1-min assay and 0.4 to 0.6 in the 10-min assay (Table 2) . These ratios are almost the same as those with glycerol dehydratase of Klebsiella pneumoniae ATCC 25955 (13) . Furthermore, the dehydratase activity in these extracts was only partially precipitable by anti-diol dehydratase antiserum. Thus, it is evident that these bacteria produce glycerol dehydratase when grown anaerobically on glycerol. Immunodiffusion patterns provided additional evidence for the poor cross-reactivity of glycerol dehydratases with anti-diol dehydratase antiserum: only a faint or essentially no bands of precipitation were seen between these extracts and antiserum (Fig. 1) . Thus, we conclude that many strains of bacteria of Enterobacteriaceae were able to produce both of the isozymes, diol dehydratase and glycerol dehydratase, depending upon the growth substrate (1,2-propanediol or glycerol, respectively). Klebsiella pneumoniae ATCC 8724 was exceptional and might be a natural mutant which lacks glycerol dehydratase. This strain produces a single dehydratase (diol dehydratase) in both 1,2-VOL. 141, 1980 f propanediol medium and glycerol medium, although the enzyme level in the latter medium is much lower (15) .
The observation that the dehydratase activity in extracts of glycerol-grown cells was only partially precipitated by anti-diol dehydratase antiserum (Table 2 ) suggests two possibilities: (i) a small amount of diol dehydratase is also induced by glycerol or (ii) glycerol dehydratase itself has an antigenic structure that cross-reacts partially with anti-diol dehydratase antiserum. Possibility (i) may be more likely frond the fact that, in Klebsiella pneumoniae ATCC 8724, glycerol is also an effective, although poor, inducer for diol dehydratase (15) .
The close relationship between growth on 1,2-diols or on glycerol and the presence of specific NOTES 1441 dehydratases implies that these enzymes play a role in the fermnentation of these substrates. Recently, we reported that the diol dehydratasecatalyzed reaction is the initial step in the 1,2-diol fermentation by Enterobacteriaceae (14) . The metabolic role of glycerol dehydratase may be to produce a hydrogen acceptor in the glycerol fermentation (1) . It has been reported that fl-hydroxypropionaldehyde serves as one of the hydrogen acceptors (1, 12) . Since glycerol is more reduced than the corresponding trioses by two hydrogen atoms, the ability to convert glycerol to a hydrogen acceptor seems to be essential for the anaerobic metabolism of glycerol (1) . The data in Tables 1 and 2 together supported this idea and indicated that the organisms which produce glycerol dehydratase (or diol dehydra- d Measured by the 1-min assay or the 10-min assay (13, 15) . Since both diol and glycerol dehydratases are rapidly inactivated by glycerol during catalysis, the 1-min assay should be more useful for obtaining an accurate G/P ratio of the initial velocities. However, both the 1-min and 10-min assay results are shown here to describe the kinetic properties of the enzymes. -, Not tested. ' tase) can ferment glycerol in the absence of exogenous hydrogen acceptors. Accumulation of 1,3-propanediol in the growth medium and reoxidation of NADH to NAD in cell-free extracts by ,-hydroxypropionaldehyde were demonstrated with Klebsiella pneumoniae, Citrobacter freundii, and Citrobacter intermedium (T. Toraya, S. Honda, S. Kuno, and S. Fukui, unpublished data). Organisms which cannot form hydrogen acceptors such as fi-hydroxypropionaldehyde require the addition of external electron acceptors, e.g., fumarate or nitrate, to ferment glycerol (8, 9) . Three species of propionic acid bacteria tested were able to grow anaerobically on glycerol in the absence of exogenous electron acceptors (Table 1) , even though none of them produced glycerol dehydratase or diol dehydratase in a glycerol medium (Table 2) . This is reasonable, since oxidation and reduction can be balanced in the propionic acid fermentation from glycerol (glycerol and propionic acid are in the same oxidation state).
After completion of this work, a paper by Forage and Foster (3) appeared which reports that not only glycerol dehydratase but also diol dehydratase is detected electrophoretically in the extracts of K. pneumoniae ATCC 25955 grown in a synthetic glycerol medium. However, they also showed that the relative amount of diol dehydratase induced is much less than that of glycerol dehydratase when the bacterium is grown in a complex glycerol medium (similar to ours). This supports possibility (i) mentioned above.
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